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Effects of the resistant starch on glucose,
insulin, insulin resistance, and lipid
parameters in overweight or obese adults:
a systematic review and meta-analysis
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Wen Zhuang' and Xiao-Ting Wu'

Abstract

Background: The role of resistant starch (RS) in glucose, insulin, insulin resistance or sensitivity, and lipid parameters
have been reported in several studies and remained controversial. A pooled analysis which assessed these parameters
has not been performed. Thus, we conducted a meta-analysis to sum up existing evidence about the issue.

Methods: We searched in MEDLINE and PUBMED for studies that were published before November 2018. Meta-
analysis of diabetics and nondiabetics trials were performed by use of a random-effects model.

Results: A total of 13 case—control studies that included 428 subjects with body mass index >25 were identified. RS
supplementation reduced fasting insulin in overall and stratified (diabetics and nondiabetics trials) analysis (SMD
=-0.72; 95% Cl: =1.13 to -0.31; SMD = -1.26; 95% Cl: -=1.66 to -0.86 and SMD = -0.64; 95% Cl: -1.10 to -0.18,
respectively), and reduced fasting glucose in overall and stratified analysis for diabetic trials (SMD = -0.26; 95% Cl: -0.5
to -0.02 and SMD = -0.28; 95% Cl: -0.54 to —0.01, respectively). RS supplementation increased HOMA-5% (SMD = 1.19;
95% Cl: 0.59-1.78) and reduced HOMA-B (SMD =-1.2; 95% Cl: -1.64 to -0.77), LDL-c concentration (SMD =-0.35; 95%
Cl: =061 to —0.09), and HbATc (SMD =-043; 95% Cl: -0.74 to —0.13) in overall analysis.

Conclusions: This meta-analysis has provided evidence that RS supplementation can improve fasting glucose, fasting
insulin, insulin resistance and sensitivity, especially for diabetic with overweight or obesity. However, owing to
potential sophistication, individual difference and composition of intestinal microbiota, this result should be carefully
taken into account.

Introduction
Overweight and obesity have been a worldwide epi-
demic and led to a rise in the insulin resistance-related

morbidities, progression to type 2 diabetes and increasing
risk of cardiovascular disease™?. It is difficult to achieve or
maintain weight loss for many people and we have pro-
posed dietary strategies based on reducing the absorp-
tivity or amount of glucose in the diet to improve
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metabolic health, rather than depending on weight loss®.
Resistant starch, as a dietary ingredient, can slow diges-
tion, reduce abdominal fat*~® and cholesterol” in rodents
and human. RS increases systemic insulin sensitivity and
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significantly reduces adipose tissue decomposition, which
has clinical significance in the care and prevention of
diabetes®. Although an association between RS supple-
mentation and insulin concentrations, insulin sensitivity,
and lipid parameters is biologically credible, the results of
epidemiological studies on this relationship are
inconsistent.

Many studies from different countries have been pub-
lished to report the effects of RS about glucose, insulin,
insulin resistance and sensitivity, and lipid parameters,
however, no systematic analysis on this issue is still
reported so far. Therefore, a meta-analysis was performed
to sum up the existing evidence about this topic.

Methods
Search strategy

We performed a search of PubMed and Medline data-
bases. The final search was conducted in October 2018
and combinations of search terms were included (resis-
tant starch or RS) and (blood glucose or plasma insulin or
insulin resistance or insulin sensitivity or cholesterol or
triglyceride or LDL or HDL or hyperlipidemia or tria-
cylglycerol or dyslipidemia) and (overweight or obesity).
The reference lists of each papers were scanned by us to
identify additional studies. If necessary, we try to contact
the author for more information.

Selection criteria

Studies were included if they met the following criteria,
which included clinical trials; controlled; Intervention of
obesity or overweight (BMI > 25) with resistant starch;
with adults (>18 years old); baseline characteristic without
difference; without acute effect of RS; assessing fasting
glucose or fasting insulin or plasma lipid or insulin sen-
sitivity or insulin resistance as outcomes; with data of the
related outcomes or data necessary to calculate them. For
potentially qualified articles that are with unclear infor-
mation, we contacted the correspondence author via
email and asked for more explanations. The articles were
included only if the problem has been solved and met the
selection criteria. No duplicate or triplicate clauses are
included.

Data extraction

All data were extracted independently and cross-
checked by three reviewers (Y.W., J.C, and X.T.W.)
according to the selection criteria. Articles would be
discussed again in case of divergent opinions. The fol-
lowing information were extracted: patient characteristics
(gender, age, and BMI), sample size, resistant starch or
placebo components, dosage, duration of treatment and
result (mean and standard deviation after supplement).
Outcomes included plasma lipid (total cholesterol, low-
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density lipoprotein cholesterol (LDL-c), high-density
lipoprotein cholesterol (HDL-c), and triglycerides), insu-
lin sensitivity, insulin resistance, B-cell function, fasting
insulin and glucose. For studies that do not give the
average and standard deviation values of any relevant
results, we contacted the correspondence authors to
require these values, and we included the articles that can
offer these data.

Quality assessment

Quality assessment was performed according to the
quality assessment toll for quantitative studies, Effect
public health practice project (EPHPP)’. The EPHPP toll
include six evaluation criteria: selection bias, study design,
confounding factors, blind method, data collection
methods and withdrawals, and dropouts. According to the
characteristics of each criterion reported in the study, the
six criteria were rated as “strong”, “moderate” or “weak”.
Once the standard scores are aggregated, each study will
receive an overall assessment of strong, moderate or weak
quality. In order for a study to be rated as “strong”, four of
the six quality assessment criteria must be rated as strong
without weak ratings. if less than four criteria were rated
as strong and one criterion was as weak, it achieved a
rating of “moderate””.

Statistical analysis

We performed all statistical analyses with Statistical
Software-STATA, version 12.0. Mean differences (MD)
between intervention (RS) and control group for each of
the above results were summarized using the random-
effect model, which was applied to the meta-analyses
when the studies were clinically heterogeneous. The
values of mean change from baseline standard deviations
were used to calculate missing standard deviations. When
some trials report the low and high end or 25th to 75th
percentiles of the range, the standard deviation was
regarded as the formula range/4'°.

Studies with resistant starch were divided into two
groups (nondiabetic and diabetic), because of different
composition of gut microbiota between the two popula-
tions''?, and due to high concentrations of insulin and
glucose in the diabetic population, which may produce
more significant results through interventions. We used
the Q and P statistics to test statistical heterogeneity
among studies'®. we considered P value of less than 0.1 as
a statistically significant heterogeneity for the Q statistic.
If a study has a heterogeneous source, it was excluded of
the analysis. Data synthesis of these heterogeneous studies
was presented in a narrative analysis. the Egger weighted
regression method was used to assess publication bias'*;
which considered P value of less than 0.1 as a statistically
significant publication bias.
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Results
Search results

There were 2212 articles identified in the search, the
titles and abstracts of the articles were screened. Only 27
articles were considered eligible. After review of full text
articles, 13/27 met the inclusion and were eligible in this
meta-analysis. Figure 1 showed the selection process.

Baseline characteristics

The thirteen included studies were published
between 2004 and 2018. The Table 1 showed the char-
acteristics of these studies. Of all the studies. three of
them were from Europe16’19’24; seven from Amer-
ical>171822:28.25.27. o from Middle East?®?%; and one
from Asia®®. Of the thirteen trials, five of them were
randomized, crossover study, the other eight were ran-
domized controlled trials. Sample sizes were 12—60 cases
and follow-up ranged from 2 to 12 weeks. The doses of RS
ranged from 10 to 45g per day. The effect of taking
resistant starch versus placebo on glycemic status, insulin
and lipid profile are described in Table 2. There are three
studies'®***’, including four or two groups, respectively
in their analysis and all were included for the meta-
analysis. There was only one study in diabetic or non-
diabetic group for some parameters such as HOMA%B,
HbAlc, HOMA%S, HOMA-IR, and LDL-c so we did not
make stratified analysis for these parameters.

15-27

Quality assessment
Twelve studies were rated as strong and one
study was as moderate®* through the EPHPP method. All

15-23,25-27
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the studies were rated as strong according to the criteria
“selection bias”, “study design”, “confounders”, “with-
drawals and dropouts”, and “data collection methods”,
while one study®* was evaluated as weak in the criteria of
“blinding”.

Overall and stratified analysis

We performed the meta-analyses on twelve studies
for fasting glucose; ten trials'>'"~'¥*"*~7 for fasting
insulin; eight trials for total cholestero]'>!”!%2023=2527
and triglycerides'>'”'?*~*"; four trials for HOMA-
IR'>?1222* and seven trials for HDL-c'*?**7%’; three
trials'®'®** for HOMA-S% and HOMA-B%, and five trials
for LDL-c*®?*72°, Three studies'®**?’, included two
groups, respectively, in their analysis and this meta-
analysis included all the groups. One data were removed
from analysis of the insulin and total cholesterol respec-
tively because of a heterogeneous source as was observed
through inspecting of the forest plots and that does not
affect the outcome of overall analysis.

The overall meta-analysis showed a significant decrease
in the fasting glucose after RS consumption (SMD
=-0.26; 95% CI: 0.5 to —0.02; P =0.035) (Fig. 2); in the
fasting insulin concentration (SMD =-0.72; 95% CIL:
-1.13 to -0.31; P=0.001) (Fig. 3); in the LDL-c con-
centration (SMD=-0.35; 95% CIL: -0.61 to -0.09;
P =0.008) (Fig. 5); in the HOMA-B% (SMD = -1.2; 95%
CI: -1.64 to —0.77; P=0.000) and in the HbAlc (SMD
=-0.43; 95% CI: —0.74 to —0.13; P = 0.005), but there was
a significant increase in the HOMA-S% (SMD = 1.19; 95%
CIL: 0.59-1.78; P=0.000) (Fig. 4). Nonsignificant effect

15,17-27
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= 3 was showed in HDL-c; total cholesterol; triglycerides
- g concentration, and HOMA-IR (SMD =0.05; 95% CI:
3 sz 3 —0.27-0.38; P =0.759; SMD = 0.21; 95% CI: —0.35-0.04;
Eo R I — . — . 959 . . p—=
Ve 227 7| Be P=0.113; SMD =0.19; 95% CI: -0.18-0.56; P =0.758
3 242 248|818 and SMD =-0.74; 95% CIL: -1.61 to 0.14; P=0.098;
c o
= 2 B respectively) (Figs. 4 and 5).
_£ y y o There was a significant decrease in the fasting insulin
] y o c= g g
%; L. F I 5o 2| 23 showed in the diabetic and nondiabetic subgroups (SMD
8 E”é ToBez ® é FER & =-1.26; 95% CI: —1.66 to —0.86; P = 0.000; SMD = -0.64;
22 |Z234c2des ned Ze2| 28 95% CI: —1.10 to —0.18; P = 0.006, respectively) (Fig. 3). A
s Tg significant decrease in fasting glucose was showed by
g o o é g studies with diabetics (SMD = -0.28; 95% CI: —0.54 to
gf I T gf‘ % g ﬁ g8 —0.01; P=0.04) (Fig. 2). Both nondiabetic and diabetic
2 So.fm = _ca = a T L .
£ HQEsH HEBHW HS 88 Q| BE subgroups indicated a non-significant effect in HDL-c;
Ve | 4EZ258 M2 smmum SsS| @ < . . . .
N R i A =B total cholesterol; and triglycerides concentration (Fig. 5).
gl w %3 There was significant heterogeneity in the analysis of
. Sl 2 o EBv o RN I g fasting glucose, fasting insulin, HDL-c, triglycerides,
T8 |28y w8 T Bond | £ HOMA-S%, HOMA-B%, and HOMA-IR (I*=57.1%,
9| nEx ©E<s o % 85 & o o .
U8 | 023,42 28 4° LB B3| 28 80.6%, 58.7%, 71.3%, 71.6%, 53.8%, and 86%, respectively).
8 % § The heterogeneity in the analysis for fasting glucose,
2 82 fasting insulin due to the trials with nondiabetics (P=
- AT . .
g3 ° £ 66.2%, 80.7%, respectively). However, the heterogeneity
28 s S 2 g for HDL-c and triglycerides due to the trial with diabetics
a8 4 e ™~ s c = 2 . :
e R RS and low study (I = 95.2%, 95.8%, respectively), we did not
2 EE make stratified analysis for HOMA-S%, HOMA-B%, and
o bl
g ég\ HOMA-IR because of the few data.
a—.‘ = o w0 Sz
$E S 9 3
=0 © = =
Sy 845 R ) Adverse effects
8 23 Adverse effects after RS supplementation were reported
g & & in five studies, including flatulence’>**?°, abdominal
- U = . — . .
23 82 discomfort'®**~?*, diarrhea and swelling®, fullness'®>**,
:5;‘35 -?5,;73 nausea, and constipation'®*°, Most of which were mild
s = = ES and disappeared after few days of consumption. Three
o e pp y ption.
3 §E studies'®*"?® reported no adverse reaction after RS sup-
s é g plementation and five ones'”'*?%*>?” did not report
E‘g 3 adverse effects as a result.
] " o« o« E =
¢ =z Z g
2 £ Publication bias
= 29 Using the Egger weighted regression method, there was
EE| w g% no publication bias found in analysis for fasting glucose
S o % = o= .
sYl 2. sB. 3 . 5 (P=0.445), fasting insulin (P=0.245), total cholesterol
£2 195N g0 o nooM < m g g
pg | 285 05 2 NI (P=0.182), HDL-c (P=0.894), HOMA-S% (P = 0.476),
BE|732, 830 .F 2.2 2.8 35 HOMA-B% (P=0.314), HOMA-IR (P=0.573), LDL-c
53 (P=0.153), and triglycerides (P = 0.379).
— oX
2 T
E 28 Discussion
o _ 8 £
%% B o $8 In this meta-analysis of 13 studies involving 428 sub-
w5 U 5] )
s | S| = 5 % = jects, we saw that RS had an increasing effect on HOMA-
okd v © WA s wn s
% 22 | % 23 Sis o 2 9y 3 ié S% and a lowering effect on fasting glucose, fasting
2|58 |%38,828,8 a0 1.z B insulin, LDL-c concentration, HbAlc, and HOMA-B%
S| £ % were found in overweight or obese adults. In our study,
(o] ] ] . . .
o |2 55 2 | & % there was no significant effect of RS supplementation on
'.E g g; g% é S HDL-c, total cholesterol, triglycerides, and HOMA-IR,

which was in line with another study*®. Meanwhile, the
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Study %
ID SMD (95% ClI) Weight
nondiabetic E
Robertson MD(2012) _— ! -1.90 (-2.77,-1.03) 4.28
Bodinham CL(2012) —_— 1 -2.00 (-3.02, -0.98) 3.56
Maki KC(2012) —— 0.59 (-0.27,1.44) 437
Maki KC(2012) — -1.00 (-1.63,-0.37) 584
Maki KC(2012) —{—-0— 0.18 (-0.66, 1.01) 4.47
Maki KC(2012) — 0.00 (-0.60, 0.60) 6.06
Bergeron N(2016) —i— -0.07 (-0.84,0.70) 4.87
Bergeron N(2016) ' -+ 0.22 (-0.55,0.99) 4385
Schioldan AG(2017) —— 0.00 (-0.64,0.64) 578
Peterson CM(2018) — -0.25(-0.76,0.26) 6.72
Park OJ(2004) —r— 0.00(-0.78,0.78) 4.78
Gower BA(2016) —I‘O— -0.14 (-0.88,0.60) 5.05
Gower BA(2016) — -0.16 (-0.90,0.59) 5.05
Gower BA(2016) e 0.54 (-0.40,1.49) 3.91
Gower BA(2016) —_—— -0.18 (-1.10,0.75) 4.00
Subtotal (l-squared = 66.2%, p = 0.000) <:>> -0.26 (-0.59, 0.07) 73.61
% 1
diabetic :
Castillo JL(2010) —r -0.41(-0.92,0.10) 6.73
Gargari BP(2105) T -0.15(-0.66, 0.35) 6.76
Karimi P(2015) —- -0.27 (-0.80, 0.25) 6.61
Dainty SA(2016) —_— -0.27 (-0.84,0.30) 6.29
Subtotal (I-squared = 0.0%, p = 0.924) <> -0.28 (-0.54,-0.01) 26.39
. 1
Overall (I-squared = 57.1%, p = 0.001) < -0.26 (-0.50, -0.02) 100.00
NOTE: Weights are from random effects analysis i

T T T T

4 4 0

.

Fig. 2 Forest plot for resistant starch and control groups in fasting glucose

1 4

meta-analysis of the prebiotics showed that the inulin
could reduce the total cholesterol, LDL-c and triglycerides
concentrations in patients with hyperlipidemia®.

In our study, there were 6—13 data for analysis of total
cholesterol, HDL-c, LDL-c, and triglycerides. A mild
decrease was showed in the trials for analysis of total
cholesterol 1920:23-26  [IDI 15202526 | ] _(20,24-26
and triglycerides®®**?°, There was a mild increase showed
in the trial for analysis of total cholesterol and triglycer-
ides*’, and no significant difference after RS supple-
mentation was found in the trials for analysis of total
cholesterol?®, HDL-c**?*?’, LDL-c*®, and triglycer-
ides****, which could explain the lack of significant
impact in the analyses. Four of six data reported a slight
decrease in the LDL-c as a result of significant effect in the
nondiabetic subgroup and overall analyses of LDL-c.
Meanwhile, a meta-analysis reported a significant reduce
in total cholesterol and LDL-c after the prebiotics sup-
plementation in overweight or obese adults*’. Previous
studies have shown that different types of RS have
opposite effects on glucose and lipid levels in healthy
subjects and T2DM patients. The diversity of results may
be due to differences in diet composition, dietary RS

Nutrition and Diabetes

content, source of RS, dosage and type of RS, and the
pathological status of the patients which can be a cause in
significant heterogeneity in analysis. However, low-sample
size may be the most likely reason.

Four studies were for analysis of HOMA-IR'**"*>** and
HOMA-B%'*'®'*??, three for HOMA-$%'>'**%. A mild
decrease was showed in the data for analysis of HOMA-
IR?1?%  HOMA-B%'*'®'*** and HOMA-S%'°. An
increase”” was showed for analysis of HOMA-S%, which
can explain the effect in the overall analysis. Recent stu-
dies from animal models containing HAM-RS2 have
shown an increase in pancreatic beta cell®'. SCFA, espe-
cially acetate and propionate produced by colonic fer-
mentation of colonic bacteria, have also been associated
with the insulin sensitized effects of RS'®3% Another
mechanism associated with insulin sensitivity is to reg-
ulate systemic inflammation by altering both gut micro-
biota and intestinal permeability.”*. In this meta-analysis
of HOMA-S%, one trial” showed the effect on inflam-
matory marker (hs-CRP) was not significantly changed by
RS. Low-sample size and nondiabetic, including metabolic
syndrome may be a cause in significant heterogeneity in
analysis.
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\.

Study %
D SMD (95% Cl)  Weight
nondiabetic i
Maki KC(2012) —_— -1.78 (-2.48,-1.07) 6.13
Robertson MD(2012) —_— -2.25(-3.17,-1.32) 5.41
Maki KC(2012) — 264 (-3.81,-147) 464
Maki KC(2012) — -0.93 (-1.56,-0.30) 6.36
Schioldan AG(2017) —_— 111 (-1.79,-0.42) 6.19
Park OJ(2004) —_— -1.50 (-2.40, -0.60) 5.51
Bergeron N(2016) - -0.22 (-0.99, 0.55) 5.91
Bergeron N(2016) | —— 0.20 (-0.57,0.97) 5.91
Peterson CM(2018) b e 0.17 (-0.34,068) 6.70
Bodinham CL(2012) P 0.37 (-0.44,1.18) 580
Maki KC(2012) —— -0.85(-1.73,0.03) 557
Gower BA(2016) . -0.14 (-0.88, 0.61) 6.01
Gower BA(2016) o -0.13 (-0.87, 0.61) 6.01
Gower BA(2016) | ——— 0.39(-0.54,1.33) 538
Gower BA(2016) | —1— 0.37 (-0.56,1.30) 5.39
Subtotal (I-squared = 80.7%, p = 0.000) <> -0.64 (-1.10,-0.18) 86.90
1
: 1
diabetic .
Karimi P(2015) ——L 1.17 (-1.74, -0.60) 6.54
Castillo JL(2010) — -1.35(-1.91,-0.79) 6.56
Subtotal (l-squared = 0.0%, p=0.663) <_> - -1.26 (-1.66,-0.86) 13.10
1
- 1
Overall (I-squared = 80.6%, p = 0.000) <> 20.72(-1.13,-0.31) 100.00
NOTE: Weights are from random effects analysis !
T T T T
4 A 0 1 4
Fig. 3 Forest plot for resistant starch and control groups in fasting insulin

Although there were 144 diabetics in the included
trials'>?%*!, mean fasting insulin and glucose concentra-
tion at the baseline were 12.16 mIU/L and 6.98 mmol/l
(diabetic: 8.31 mmol/]; nondiabetic: 6.06 mmol/l), respec-
tively. A mild decrease was showed in the trials for ana-
lysis of fasting glucose'>'”!?2%?%23:2527 and fasting

insulin'>'®1921-23:2527 " No  significant difference was
found in the trials for analysis of fasting glucose'®***° and
17,23,26,27

four data showed an increase in fasting insulin
and two in fasting glucose®?’, which may have prevented
a significant effect on analysis of glucose with nondiabetic.
Colonic fermentation of HAM-RS2 increases acetate and
propionate concentration®”. In our study, one trial'®
showed the difference of SCFA after RS supplementation,
however, there was no significance. Circulating SCFA,
especially propionate, may also increase insulin secretion
by binding to PPAR-y receptors in adipose tissue®”. The
mechanism by which RS may decrease the fasting glucose
has been investigated by many experimental studies, but it
is considerable ambiguity. A study has shown that RS
meets prebiotic criteria and can stimulate an increase of
endogenous Bifidobacteria®. The increase in Clostridium
cluster IV was negatively associated with fasting insulin
and glucose, while a positive correlation between

Nutrition and Diabetes

Propionibacterium, Bacteroides intestinalis, Bacteroides
vulgates, and fasting glucose was found in another
study™.

Some limitations of our study should be taken into
consideration. First, we excluded some trials which did
not provide baseline characteristic without difference. The
plasma glucose and insulin were calculated as the positive
area under the curve, thus, we excluded those studies for
further analysis, which may influence the accuracy of the
overall results. Second, in some meta-analyses, the num-
ber of studies is relatively limited, which may cause pro-
blems for evaluation of heterogeneities and publication
bias and finally reduce the confidence of the results.
Third, our study did not include the subjects with BMI
<25, and establish the subgroup analysis according to the
dosage and duration of RS. Fourth, there is a significant
heterogeneity and possible publication bias in our study.
Although there was no publication bias found for all the
analysis, significant heterogeneity was found in fasting
glucose, fasting insulin, HDL-c, HOMA-5%, HOMA-B%,
and HOMA-IR, and this heterogeneity remained sig-
nificant for analysis of trials with nondiabetic which
depended on different countries, RS types, duration of
treatment, and other unforeseen factors. Finally, the
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s s
HbAlc LDL-c
Study % Study %
D SMD (95% Cl Weight
D SMD (95% C) Weight (%5% Cl) e
Gargari BP(2105) —t -0.42 (:0.94, 0.09) 2558
Castilo JL(2010) . S 00(051,051) 26.04
Bergeron N(2016) 002(-079,0.75) 11.33
(CARATER2ALS) i HAT1109,0.05) 2318 Bergeron N(2016) 002 (079, 0.75) 133
Karimi P(2015) —at 070 (124, 0.16) 265 Schioldan AG(2017) et 020 (:0.83, 0.44) 1657
Peterson CH(2018) — 062 (-1.15, -0.10) 262
Peterson CH(2018) —] 050 (-1.02, 0.02) 2512 cterson CW2018) 115,010
Park 0J(2004) -0.50 (-1.30, 0.30) 1058
Overall (isquared = 26.2%, p = 0.255) 043 (:0.74,-0.13) 100.00
Overall (-squared = 0.0%, p = 0.717) 035 (:061, -0.09) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights refrom random efecs nalysis
T g T T T T T
4 b o 4 -4 4 0 1 4
HDL-c
HOMA %-B
Study %
Study % D SMD(95%C)  Weight
D SMD (95% CI) Weight diabetic
Castillo JL(2010) —— | -090(-1.44,-037)  11.20
Gargari BP(2105) | —— 084(031,137) 1122
Subtotal (- d = 95.2%, p = 0.000) . -0.03 (-1.74, 1.68 2242
Johnston KL(2010) -0.72(1.63,0.18) 1245 upttal (-sauare P S ¢ )
Maki KC(2012) —_— 128 (-220, -0.35) 1219 nondiabetic 1
Bergeron N(2016) —— -0.16(093,061) 840
Maki KC(2012) —_— 141 (:207,-0.75) 16.68 Bergeron N(2016) —_— 005(:082,072) 841
Schioldan AG(2017) — 004(067,060) 992
VakiKor2012) e 2T2E590,-4:53) 83r Peterson CM(2018) —f— 021(:030,072) 1145
Park 0J(2004) T 067(0.14,147) 804
Maki KC(2012) - -0.83(-1.45,-0.21) 17.46 N
Gower BA(2016) —_— 013(-087,061) 872
Robertson MD(2012) 054 (-1.27,0.19) 15.43 Gower BA(2016) - 001(075,073) 873
Gower BA2016) —_— 010(:083,102) 696
Dainty SA2016) —_— 149 (215,084 1681 Gower BA(2016) — 009(:083,102) 696
Subtotal (-squared = 0.0%, p = 0.918) 5 008(:016,032)  77.58
Overall (isquared = 53.8%, p = 0.043) > 120(164077) 10000 I
Overall (\-squared = 58.7%, p = 0.007) ) 005(:027,038) 100,00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis |
T T T T
T T T
4 El 0 4 4 a0t 4
Total cholesterol
HOMA %-S
Study %
Study % D SMD (95% CI) Weight
D SMD (95% Cl) Weight diabetic
Castilo JL(2010) —= 019(070,031) 1452
Gargari BP(2105) — 051(-102,001) 1407
Subtotal (i-squared = 0.0%, p = 0.399) < 035(:071,001) 2859
Johnston KL(2010) 1.03(0.08, 1.97) 1487
nondiabeic
Maki KC(2012) —_— 0.00 (-0.84, 0.84) 16.09 Bodinham CL(2012) e 0.00(-080,080) 584
Robertson MD(2012) —_— -0.28 (-1.00, 0.44) 722
Maki KC(2012) 200 (1.27,2.73) 17.40 Bergeron N(2016) b -0.07(-084,070) 628
Bergeron N(2016) B 002(079,076) 629
Maki KC(2012) —r 1.00 (0.1, 1.89) 15.42 Schioldan AG(2017) —_—1 -0.23(-0.87,0.41) 918
Peterson CM(2018) — -0.13 (-0.64, 0.39) 14.32
Maki KC(2012) — 1.00(0.36, 1.64) 1856 Gower BA(2016) —— 007(067,082) 681
Gower BA(2016) —— 020(094,054) 678
Dainty SA(2016) 1.96 (1.25,2.67) 17.66 Gower BA(2016) 0.30(-0.63, 1.23) 432
Gower BA(2016) 0.08 (-0.84, 1.01) 4371
Overall (I-squared = 71.6%, p = 0.003) 1.19(0.59, 1.78) 100.00 Subtotal (I-squared = 0.0%, p = 0.996) -0.08 (-0.31, 0.15) .41
Overall (-squared = 0.0%, p = 0.974) -0.16(-035,004)  100.00
NOTE: Weights are from randon effects analysis NOTE: Weights ar rom random effects nalsis
T T T T T
4 40 4 40
Triglyceride
HOMA-IR Study %
D SMD (95% Cl) Weight
Study %
'
diabetic !
D SMD (@5% C1) Weight Gasiilo JL(2010) —_ 076(023,128) 905
Gargari BP(2105) — i 114 (-169,-059) 890
Subtotal (\-squared = 95.8%, p = 0.000)  —e [T 0.19(-205,167) 17.95
|
nondiabetic :
Robertson MD(2012) —_— 2.00(289,1.11) 2254 Bodinham CL(2012) —— 118(030,205) 682
Robertson MD(2012) §—— 126(048,205) 734
Bergeron N(2016) —— -002(079,075) 7.45
Katimt PRM5) . -080:1.41;-0.31), 233 Bergeron N(2016) —1-%— 008 (-085,069) 7.45
Schioldan AG(2017) — 009(-072,085) 832
Dainty SA(2016) —_ 0.72(-131,-0.12) 2583 Peterson CM(2018) e 021(:030,072) 913
Park 0J(2004) —t— 027(052,1.06) 734
Seoltan GO 049016 114 St Gower BA016) 012(:062,086) 764
eoka AC(2017) BCOBHAS Gower BA(2016) 0.00(:074,074) 764
~ Gower BA016) 0.48(046,1.42) 643
Overall (l-squared = 86.0%, p = 0.000) < -0.74(-161,0.14) 100.00 Gower BA(2016) -0.19(-1.12,073) 6.50
L Subtotal (-squared = 31.7%, p = 0.146) > 026(-002,053) 8205
Overall (-squared = 71.3%, p = 0.000) > 0.19(-0.18,056)  100.00
NOTE: Weights are from randorn effects analysis
NOTE: Weights are from random effecis anaysis
T T T T T T T
-4 -1 o 4 -4 -1 o 1 4
Fig. 4 Forest plot for resistant starch and control groups in HOMA-5%, Fig. 5 Forest plot for resistant starch and control groups in total
HOMA-B%, HOMA-IR, and HbA1c cholesterol, LDL-c, HDL-c, and triglycerides
|\ |
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dietary intake may vary within and between individuals,
which may lead to changes in insulin, glucose home-
ostasis, and lipid. Another important issue to consider is
the composition of intestinal microflora, which is the
main goal of metabolic improvement.

Conclusion

In summary, this meta-analysis showed that RS
increased HOMA-S% and reduced fasting insulin, fasting
glucose, LDL-c concentration, HbAlc, and HOMA-B%, in
overweight or obese adult, and they also decreased fasting
glucose and HOMA-IR in overweight or obese adult with
diabete. However, due to potential confounding, indivi-
dual variations and gut microbiota composition, this
result should be carefully considered and be confirmed by
further study.
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